Abstract: Agricultural non-point source (NPS) pollution is a major concern for water quality management in the Soyang watershed in South Korea. Nutrients (phosphorus and nitrogen), organic matter, and sediment exports in streams were estimated in an agricultural catchment (Haean catchment) for two years. The stream water samples were taken in dry and rainy seasons to evaluate the effect of monsoonal rainfall on pollutants exports. The influence of land use changes on NPS pollution was assessed by conducting a land use census and comparing the NPS characteristic exports. Total phosphorus (TP), suspended solids (SS), biochemical oxygen demand (BOD), and chemical oxygen demand (COD) increased dramatically in rainy seasons. Land uses were changed during the study period. Dry fields and rice paddies have decreased distinctively while orchard (apple, grape, and peach) and ginseng crops showed an increase within the catchment. The TP and SS loading decreased in the streams in 2010 compared to the loading in 2009 while the BOD and NO 3 − did not show distinct significant change. In this study, monsoonal driven rainfalls increased exports of agricultural NPS pollutants into streams. Land use change (mostly crop and paddy fields to orchards and ginseng fields) remarkably mitigated TP and SS exports into the streams.
Introduction
Non-point source (NPS) pollution is the main cause of inland water deterioration and a priority issue for present water quality management worldwide [1, 2] . NPS pollution is more difficult to control and to treat than pollution from point sources due to the complicated generation and formation [3, 4] and concern for NPS pollution affecting lake water quality has continually increased [5, 6] . Better understanding nitrogen (N) and phosphorus (P) transport from agricultural NPS to surface waters is a major focus of scientific research and environmental policy [7] [8] [9] . This is especially prevalent in agricultural areas where high amounts of N and P are the main NPS contamination factors into surface waters [10, 11] , which results in increased algal production and amplifies lake and reservoir eutrophication [12, 13] . In South Korea, NPS pollution contributes to excessive sediment, nutrients, and organic matter in streams during the summer rainy season under monsoonal climate conditions. Studies conducted in monsoonal climate regions have shown that mountainous areas with intensive highland agriculture induce high nutrient (especially N and P) loading into rivers, particularly during The climate has a mean annual air temperature of 8.7 °C with winter temperatures as low as −27 °C and summer temperatures as high as 33 °C. The average annual precipitation determined by the Korea Meteorological Administration (KMA) is 1400 mm yr −1 and over seventy percent of the annual precipitation falls during summer monsoon season, June to August, [32] . The catchment is largely forested, particularly at high elevations. The remaining area is comprised mostly of dry croplands and rice paddy agriculture [29] . An important land use in the region is highland agriculture, which cultivates crops (potato, radish, and cabbage) in steep slopes and the dominant nutrient sources are artificial fertilizers and livestock manure applications to cropland in the Haean catchment [33] . Highland agriculture in the Lake Soyang watershed has been shown to cause increases in soil erosion and nutrient loading into streams from nonpoint sources (NPSs) such as the overuse of organic fertilizers, resulting in turbid water [34] . The Haean catchment headwaters are one of the most problematic turbid water sources to Lake Soyang.
Seven streams were selected for water quality monitoring ( Figure 1 ) including: Naedong (Site N), Dunjunggol (Site D), Kunjigol (Site K), Sunghwang (Site S), Wolsan (Site W), Chungryongangol (Site C), which flow to the Mandae stream (Site M), an outlet of the Haean catchment continuing toward Inbuk stream and the Soyang River flowing into Lake Soyang. Water samples were collected at each site during rainfall periods and bi-monthly during dry conditions from June to December in 2009 and monthly in 2010. For 11 individual storm events (four times in 2009 and seven times in 2010, respectively), at least 10 water samples were collected for each rainfall event (Table 1) . Table 1 . Dates, rainfall amounts, and rainfall intensities during studied rain events.
No. of Event
Date Total Amount (mm) Average Intensity (mm h −1 ) Intensity Order The climate has a mean annual air temperature of 8.7
• C with winter temperatures as low as −27 • C and summer temperatures as high as 33 • C. The average annual precipitation determined by the Korea Meteorological Administration (KMA) is 1400 mm year −1 and over seventy percent of the annual precipitation falls during summer monsoon season, June to August, [32] . The catchment is largely forested, particularly at high elevations. The remaining area is comprised mostly of dry croplands and rice paddy agriculture [29] . An important land use in the region is highland agriculture, which cultivates crops (potato, radish, and cabbage) in steep slopes and the dominant nutrient sources are artificial fertilizers and livestock manure applications to cropland in the Haean catchment [33] . Highland agriculture in the Lake Soyang watershed has been shown to cause increases in soil erosion and nutrient loading into streams from nonpoint sources (NPSs) such as the overuse of organic fertilizers, resulting in turbid water [34] . The Haean catchment headwaters are one of the most problematic turbid water sources to Lake Soyang.
Seven streams were selected for water quality monitoring ( Figure 1 ) including: Naedong (Site N), Dunjunggol (Site D), Kunjigol (Site K), Sunghwang (Site S), Wolsan (Site W), Chungryongangol (Site C), which flow to the Mandae stream (Site M), an outlet of the Haean catchment continuing toward Inbuk stream and the Soyang River flowing into Lake Soyang. Water samples were collected at each site during rainfall periods and bi-monthly during dry conditions from June to December in 2009 and monthly in 2010. For 11 individual storm events (four times in 2009 and seven times in 2010, respectively), at least 10 water samples were collected for each rainfall event (Table 1) . However, samples were not collected at Site D during the second storm event due to inaccessibility as a function of massive mudslides. Surface discharge data were also collected at each of the sites. We used a published data set for the concentrations of TP, TN, and SS at Site M [35] . Hourly precipitation data during study period were obtained from the KMA.
Laboratory Analyses
All water samples were stored in cool conditions (<4 • C) and acidified prior to laboratory analysis. Water samples were filtered through Whatman GF/C glass fiber filters (pore size 1.0 µm) to measure the concentrations of SS and dissolved N and P. Unfiltered water samples were analyzed for TP and TN and were preserved by acidifying with H 2 SO 4 to pH < 2. TP was analyzed using the ascorbic acid method after persulfate digestion. TN was measured using the cadmium reduction method after digestion with potassium persulfate. BOD was calculated by determining the difference in dissolved oxygen (DO) concentration between in-situ conditions and after five days of incubation at 20 • C using a DO meter (YSI 58 Dissolved Oxygen Meter, Yellow Springs, OH, USA, YSI incorporated). The KMnO 4 method was used for COD analysis. Turbidity was measured using a nephelometer (Hach). All of the analysis methods for water samples were completed according to references in Standard Methods 20th Ed. [36] . We used an electronic flow meter (Flo-Mate TM 2000 Flow Meter, Frederick, MD, USA, Marsh-MacBirney) to estimate discharge with the velocity-area method, which is commonly used to measure discharge in open channels [37] . Using this method, the flow velocity and cross sectional area are measured separately for each stream in the catchment [38] . Stream discharge during both rainy and dry conditions were measured at least 10 times at each of the stream monitoring locations and rating curves were developed to describe the relationship between discharge and water level for each stream. When water samples were collected at each monitoring location, discharge was estimated using a stage/discharge rating curve.
Detailed description and equations about flow measurement method are shown below (Equations (1) and (2)). 
where W i is the distance to measurement points along the transect, V i is stream velocity, H i is water depth and i is the subarea dimension, which is typically 20-25 measurements across the stream width. Equation (2)
where V i is stream velocity and A i is the integrated stream area.
EMC (Event Mean Concentration)
Pollutant export equations or EMC values are fundamental and effective approaches used in water quality assessment for examining changes in stream chemistry during rainfall events [39] . EMC is the total loading divided by the total discharge volume for a storm event. EMC is defined as Equation (3)
where C(t) and Q(t) are the concentration of a solute and runoff measured during a storm event, M is the mass and V is the discharge volume, respectively. The EMC results in a flow-weighted average and does not simply represent a time average of the solute concentration.
Constituent Loading
Loading of nutrients to receiving waters is estimated by the product of EMC and surface water discharge. The EMC values are expressed as milligrams per liter (mg L −1 ) and can be used to calculate the pollutant load. Annual mean loading of pollutants was estimated as the total loading multiplied by the ratio of annual rainfall to total rain fall for the storm event. The annual total load of pollutants per area (km 2 ) for each sub-catchment was estimated as the annual total loading divided by area of each catchment.
Principal Component Analysis (PCA)
PCA analysis was used to identify major factors contributing to NPS pollution in the catchment. We analyzed the EMC data of TP, TN, NO 3 − , BOD, COD, SS, and rainfall related factors (rainfall intensity (RI), rainfall amount (RA), and stream discharge) as explanatory variables. The PCA analysis produces a new variable set including information on the water quality data set. The analysis provides the principal components, their eigenvalues and the proportions of the explained variances by them. If eigenvalues are higher than one, we considered the corresponding components as significant. Note that we centered and normalized the explanatory variables before the PCA analysis was carried out. Loading of nutrients to receiving waters is estimated by the product of EMC and surface water discharge. The EMC values are expressed as milligrams per liter (mg L −1 ) and can be used to calculate the pollutant load. Annual mean loading of pollutants was estimated as the total loading multiplied by the ratio of annual rainfall to total rain fall for the storm event. The annual total load of pollutants per area (km 2 ) for each sub-catchment was estimated as the annual total loading divided by area of each catchment.
Results

Precipitation Variations
Principal Component Analysis (PCA)
PCA analysis was used to identify major factors contributing to NPS pollution in the catchment. We analyzed the EMC data of TP, TN, NO3 − , BOD, COD, SS, and rainfall related factors (rainfall intensity (RI), rainfall amount (RA), and stream discharge) as explanatory variables. The PCA analysis produces a new variable set including information on the water quality data set. The analysis provides the principal components, their eigenvalues and the proportions of the explained variances by them. If eigenvalues are higher than one, we considered the corresponding components as significant. Note that we centered and normalized the explanatory variables before the PCA analysis was carried out. The maximum intensity was 9.5 mm hr −1 during the 4th rain event in 2009 and overall, the intensity was stronger and the volume of rainfall for each event was greater in 2009 relative to 2010 (Table 1 ). In case of the 2nd event in 2009 and the 10th event in 2010, the intensities and the amounts of precipitation between the two events were similar (2.7 mm hr −1 with total 118.0 mm for the 2nd event and 2.7 mm hr −1 with total 117.0 mm for the 10th event, respectively; Table 1 ). The maximum intensity was 9.5 mm h −1 during the 4th rain event in 2009 and overall, the intensity was stronger and the volume of rainfall for each event was greater in 2009 relative to 2010 (Table 1) . In case of the 2nd event in 2009 and the 10th event in 2010, the intensities and the amounts of precipitation between the two events were similar (2.7 mm h −1 with total 118.0 mm for the 2nd event and 2.7 mm h −1 with total 117.0 mm for the 10th event, respectively; Table 1 ).
Results
Precipitation Variations
Land Use Changes
For the two years between 2009 and 2010, significant land use changes occurred in dry fields (mostly white radish and potato), rice paddy fields, orchards (mostly apple, grape, and peach), and ginseng crops throughout the catchment (Table 2) . Dry and rice paddy fields decreased from 16.97% (10.67 km 2 ) to 12.65% (7.95 km 2 ) and from 8.71% (5.47 km 2 ) to 8.24% (5.18 km 2 ), respectively. In contrast, more profitable orchards and ginseng farms increased from 0.32% (0.20 km 2 ) to 1.51% (0.95 km 2 ) and from 0.79% (0.49 km 2 ) to 2.57% (1.59 km 2 ), respectively in the catchment for the same two years (Table 2 ). Semi natural (e.g., fallow field) also increased in the catchment from 11.53% (7.24 km 2 ) to 14.43% (9.07 km 2 ). Previous studies have shown [30] that the spatial footprint of ginseng farming has increased the most from 0.69% (0.03 km 2 ) to 9.16% (0.36 km 2 ) of the watershed in the region of Site N, among all of the watersheds of the study streams. Orchards also increased from 0.01% to 0.82% in the same watershed (Table 2 ).
Variations of Water Quality Parameters
During the dry (non-monsoon) period, no significant variations of TN, NO 3 − , and BOD were evident in either of the years, whereas TP and SS varied widely at all of the sampling sites. At Site N, the average values of TN, NO 3 − and BOD were 5.1 (±0.7, n = 44), 4.5 (±0.6, n = 41) and 1.0 (±0.6, n = 48), respectively while the annual averages of SS and TP were 84.2 (±302.1, n = 48) and 78.1 (±125.2, n = 47) with wider ranges of changes during dry period. Throughout the rainy season, the concentrations of pollutants varied during all of the rainfall events. (Table 3) . The EMC of SS was higher at each of the study sites during the 4th storm event relative to the other rain events in 2009. At Site K, the highest EMC of SS (8763 mg L −1 ) was recorded for the fourth rain event in 2009. At site S, which has a greater watershed area than the other sites, the EMC of SS (2971 mg L −1 ) was lower than the smaller streams, in which the EMCs of SS were 3787 mg L −1 at Site D and 4872 mg L −1 at Site C, respectively, for the fourth event. The EMCs of TN (2.5 mgN L −1 ) and TP (1.6 mgP L −1 ) were lower at Site W than the EMCs of TN and TP at site K (3.5 mgN L −1 and 2.5 mgP L −1 , respectively) with similar watershed area for the same event. The EMC of BOD was highest at all study sites for the first rainfall event (5th rain event) in 2010. The EMC of BOD at site M was 9. (Table 3) .
Areal Pollutant Loading Throughout Stream Watersheds in the Catchment
Overall, the total areal loads of SS and TP in 2009 were higher relative to 2010 (Table 4 ). The areal loads of SS and TP at Site M were 1,148,377 kg km −2 and 558 kgP km −2 , respectively in 2009 and 169,526 kg km −2 and 209 kgP km −2 , respectively in 2010. The total loads of SS and TP at Site D were the lowest among the study sites with total SS and TP loads of 762,641 kg km −2 and 379 kgP km −2 , respectively, in 2009 and 138,284 kg km −2 and 157 kgP km −2 respectively in 2010. Site K transported the most SS, N, and P into Site M among all of the streams in the catchment. The loads of SS, TN, and TP were lower at Site W than the amount of loads at Site N, although the area of Site W watershed was bigger than the watershed area of Site N. The calculated annual load per total watershed area, based on the rainfall ratio between the two years indicated that loads of all parameters were higher in 2009 than in 2010 (Table 4) . In the PCA analysis, the first two principal components (PC 1 and PC 2) showed eigenvalues higher than one (2.04 and 1.48, respectively) ( Table 5 ). These components explained more than 70% of total variance in the data. Therefore, we used PC1 and PC2 for further analysis. PC1 had high weights for EMC of TSS, COD, and TP as well as rainfall indices (rainfall intensity (RI) and rainfall amount (RA)) (Figure 4 ). PC2 had large negative weights with TN, NO3 − , and BOD. In other words, PC 1 can be regarded as a factor representing high loading of TP, SS, and rainfall parameters and PC2 can be regarded as a factor that represents negative N and BOD loadings. In Figure 4 , the events measured in 2009 were all located in the upper right quadrant and the events in 2010 were located in the lower left quadrant. The final three events (from 9th to 11th event) were all located in the upper left quadrant.
Discussion
Characteristics of Agricultural NPS Pollution in the Catchment
The average concentration of SS and TP of each stream under dry conditions was much lower than during rain events ( Table 6 ), suggesting that primary transport processes are rainfall/runoff flushing of terrestrial sources [40] . PC2 had large negative weights with TN, NO 3 − , and BOD. In other words, PC 1 can be regarded as a factor representing high loading of TP, SS, and rainfall parameters and PC2 can be regarded as a factor that represents negative N and BOD loadings. In Figure 4 , the events measured in 2009 were all located in the upper right quadrant and the events in 2010 were located in the lower left quadrant. The final three events (from 9th to 11th event) were all located in the upper left quadrant.
Discussion
Characteristics of Agricultural NPS Pollution in the Catchment
The average concentration of SS and TP of each stream under dry conditions was much lower than during rain events ( Table 6 ), suggesting that primary transport processes are rainfall/runoff flushing of terrestrial sources [40] . In general, the average concentrations of BOD in all of the study streams in the Haean catchment during dry conditions was within the management guidelines as suggested by the Korean MoE (Table 7) . However, the average concentration of TN in all of the study streams was higher than the criteria of TN for lake water quality (Tables 6 and 7 ). The fertilizer seemed to cause the high N concentration in the streams as reported in many studies in agricultural areas of Asian countries [41] . Of particular importance, SS and TP concentrations were much higher (with wider variability) than the Korean water quality standard during dry periods at many locations (Table 6 ). It appears that government-driven treatment facility construction to reduce turbidity in surface water, which was constructed in 2009, ironically increased soil disturbance over the catchment. In terms of nutrients and sediment concentrations in stream water during precipitation events, the quality throughout stream sites in the Haean catchment were generally lower than water quality results from previous studies, which were conducted in the other main river systems in Korea and also at the same stream as Site M (Table 8) . Three sites, located in the forest area of Gum River watershed in Korea, displayed lower SS, TN, and TP concentrations than the Haean sites during storm events (Table 8) . Two streams located in the Lake Soyang watershed (Jawoon and Naerin streams) displayed lower SS and TP concentrations compared to the monitoring locations of this study, although TN was similar (Table 8 ). The concentration of TP at Site N was higher than the TP concentration at other monitoring locations, which seems the result of the government driven construction in the watershed of Site N. The watershed of Site N was identified as the primary subject area for turbid water control, therefore it seemed that P in the soil is exported into streams during the construction period. During the fourth event, which produced the highest volume and intensity of rainfall during the study period, all parameters peaked with the highest concentrations at all steams except for Site N, clearly showing the rainfall impact on pollutant exports. However, the rainfall effect seems mitigated by the land use at Site W, of which the watershed is dominated by forest.
During all storm events over the two years of 2009 and 2010, the average EMCs of SS, TN, TP, and BOD were all the lowest at Site W among the monitoring locations, indicating that forest land use exports less nutrients and soil into streams during runoff [52] . There was no clear difference among EMCs of pollutants based on the stream watershed sizes but the EMCs of TP and SS remained lower at Site W than the EMCs at Site K, which had a similar watershed area as Site W. These results again indicate that forested land use can potentially mitigate soil erosion and phosphorus exports [53] [54] [55] .
Comparing the average EMCs of pollutants at the outlet site (Site M) between 2009 and 2010, the average EMC of TN increased while the average EMCs of TP and SS decreased. We hypothesize that the decreased intensity of rainfall in 2010, reducing soil erosion processes, is one of the possible reasons for the decreased SS and TP, which are usually exported concurrently from agricultural fields [56] . Additionally, the government-driven construction of new facilities to diminish turbid water generation in the catchment seemed to decrease soil loss from the catchment. However, the extent of SS export is still higher than the export from other stream sites, therefore consistent soil management protecting erosion, such as reducing soil inverting and mountainous soil disturbance for new crop land, should be implemented [57] . The highest EMCs of BOD in all of the sites throughout the study period can be explained by a 'first flush' effect. The antecedent non-rainfall period was the longest at that time allowing for accumulation of biodegradable OM sources on the soil. Perhaps, the most interesting results were found in the variability of BOD and COD, which display inverse relationships over the studied two years. BOD increased in the watershed, which can be interpreted as elevated biodegradable organic matter (i.e., manure) within the catchment. On the other hand, we hypothesized that non-biodegradable (recalcitrant) organic matter (OM) was decreased in 2010 relative to 2009, based on the decreased EMC of COD. The results suggest that lower OM is exported from the forest area, which usually consists of forest detritus, leaf litter and woody debris that containing lignin and cellulose substance, due to less intensive rainfall in 2010. In comparison with EMCs investigated in previous studies in Korea and overseas, the EMCs for SS and TP were much higher than the other localities, regardless of rainfall intensity and land use distribution ( Table 8 ). The EMC of TP at Site M in this study was much higher compared to streams in other regions, which displayed similar summer monsoonal rainfall characteristics such as rainfall intensity and periods in Korea (Table 8) . Also comparing to results from locations in other countries, the EMCs were higher (Table 8) . These results imply that the runoff into streams throughout the Haean catchment, transported a significant amount of suspended sediment with attached P into the receiving reservoir, Lake Soyang. The effects of turbid water inflow are well studied in the Soyang reservoir. The turbid water inflow deteriorated water transparency and the high amount of P, which is the primary limiting factor in most inland waters of Korea, also prompted eutrophic conditions in the reservoir [47] .
The relationship in EMCs of TN and NO 3 − at all monitoring locations were relatively well correlated with a correlation coefficient of 0.65 ( Figure 5 ). However, the NO3 − and TN relationship at Site N was not evident with a lower correlation coefficient (0.37; Figure 6 ) and the patterns showed high temporal variations of TN and NO3 − in some of the investigated rain events (Figure 7 ). However, the NO 3 − and TN relationship at Site N was not evident with a lower correlation coefficient (0.37; Figure 6 ) and the patterns showed high temporal variations of TN and NO 3 − in some of the investigated rain events (Figure 7 ). However, the NO3 − and TN relationship at Site N was not evident with a lower correlation coefficient (0.37; Figure 6 ) and the patterns showed high temporal variations of TN and NO3 − in some of the investigated rain events (Figure 7 ). It appears that there was a huge loss of organic N from Site N and the high correlation coefficient between TN and BOD, which also can explain biodegradable organic matter amounts such as manure and organic fertilizer, supports this assumption ( Figure 6 ). However, the patterns differed temporally, which can perhaps be attributed to the effect of different time scales of organic fertilizer application.
Monsoonal Climate Effects on the Watershed
Similar results were reported in other monsoonal climate areas [12, 58] . Especially, the losses of TP and SS into the streams were influenced most by the rainfall among the water quality parameters [59] and the losses of TP and SS is generated mostly during the summer monsoon season in Korea [14, 60] . In combination with crop cultivation under high slopes in the area, the effect of monsoonal rainfall is amplified, producing higher annual SS loading relative to other SS loss estimations in Korea and other countries [61, 62] . Comparing the export patterns of EMCs according to differences in the storm event intensities, the exports rates of all of the investigated pollutants were consistent with rainfall intensities that displayed high p-values ( Figure 5 ). This is commonly observed in studies that focused on agricultural NPS pollution exports, especially in monsoonal climate areas. However, the EMCs of TN and NO3 − were not strongly correlated with the rain factors ( Figure 5 ). It appears that the variations of N parameters during storm events depend on a variety of factors-including fertilizer application period, manure production, and N loss to the air through denitrification processes-compared to the other investigated parameters [63] .
The results of our PCA analysis showed the relationship of monsoonal rainfall on SS and TP exports to streams. The PC1, which explained 46.4% of variance and is positively influenced by TP, SS, and rainfall factors (Table 5) , displays a positive relationship with the relatively intense rain events (all events in 2009 and also the fifth event in 2010) ( Figure 5 ).
Land Use Change Effect
Among all of the experimental sites, the increase in ginseng farming area was most prominent in the Naedong watershed (Site N). This is primarily due to the fact that the governmental restoration project had been focused in this area, which fostered ginseng cultivation in this area. Comparing the EMCs of SS and TP between 2009 and 2010, the EMCs drastically decreased at Site N and also at the main outlet stream. More specifically, between the 2nd and the 10th rainfall events, in which the amounts and the intensities of rainfalls were similar (Table 2) , the EMCs of TP and SS at Site N decreased significantly, which suggests that land use change influenced sediment and P exports at the site (Table 9 ). It appears that there was a huge loss of organic N from Site N and the high correlation coefficient between TN and BOD, which also can explain biodegradable organic matter amounts such as manure and organic fertilizer, supports this assumption ( Figure 6 ). However, the patterns differed temporally, which can perhaps be attributed to the effect of different time scales of organic fertilizer application.
Monsoonal Climate Effects on the Watershed
Similar results were reported in other monsoonal climate areas [12, 58] . Especially, the losses of TP and SS into the streams were influenced most by the rainfall among the water quality parameters [59] and the losses of TP and SS is generated mostly during the summer monsoon season in Korea [14, 60] . In combination with crop cultivation under high slopes in the area, the effect of monsoonal rainfall is amplified, producing higher annual SS loading relative to other SS loss estimations in Korea and other countries [61, 62] . Comparing the export patterns of EMCs according to differences in the storm event intensities, the exports rates of all of the investigated pollutants were consistent with rainfall intensities that displayed high p-values ( Figure 5 ). This is commonly observed in studies that focused on agricultural NPS pollution exports, especially in monsoonal climate areas. However, the EMCs of TN and NO 3 − were not strongly correlated with the rain factors ( Figure 5 ). It appears that the variations of N parameters during storm events depend on a variety of factors-including fertilizer application period, manure production, and N loss to the air through denitrification processes-compared to the other investigated parameters [63] . The results of our PCA analysis showed the relationship of monsoonal rainfall on SS and TP exports to streams. The PC1, which explained 46.4% of variance and is positively influenced by TP, SS, and rainfall factors (Table 5) , displays a positive relationship with the relatively intense rain events (all events in 2009 and also the fifth event in 2010) ( Figure 5 ).
Land Use Change Effect
Among all of the experimental sites, the increase in ginseng farming area was most prominent in the Naedong watershed (Site N). This is primarily due to the fact that the governmental restoration project had been focused in this area, which fostered ginseng cultivation in this area. Comparing the EMCs of SS and TP between 2009 and 2010, the EMCs drastically decreased at Site N and also at the main outlet stream. More specifically, between the 2nd and the 10th rainfall events, in which the amounts and the intensities of rainfalls were similar (Table 2) , the EMCs of TP and SS at Site N decreased significantly, which suggests that land use change influenced sediment and P exports at the site (Table 9 ). We also examined the relationship between areal pollutant exports per rainfall amounts for each year at Site N to identify land use effects on pollutant export by offsetting the rainfall amount effect between the two years. BOD was decreased from 755 (±488, n = 4) kg km −2 mm −1 to 374 (±57, n = 7) kg km −2 mm −1 while SS decreased dramatically from 434,954 (±260,085, n = 4) km −2 mm −1 in 2009 to 32,571 (±31,067, n = 7) km −2 mm −1 in 2010 (Figure 8 ). We also examined the relationship between areal pollutant exports per rainfall amounts for each year at Site N to identify land use effects on pollutant export by offsetting the rainfall amount effect between the two years. BOD was decreased from 755 (±488, n = 4) kg km −2 mm −1 to 374 (±57, n = 7) kg km -2 mm -1 while SS decreased dramatically from 434,954 (±260,085, n = 4) km −2 mm −1 in 2009 to 32,571 (±31,067, n = 7) km −2 mm −1 in 2010 (Figure 8 ). The effect of the land use change over the entire watershed also showed a relationship between each rain event (from the 1st to the 11th events) and areal loadings of SS and TP per rainfall amounts at Site M for two years ( Figure 8 . SS and TP clearly decreased in 2010, while the other water quality parameters (BOD, COD, TN, and NO3 − ) showed no clear differentiation between 2009 and 2010. The results imply that mitigating soil disturbance and erosion through land use changes, efficiently reduces P export [64] . However, the EMCs of NO3 − and TN increased minimally, showing that land use change did not mitigate those parameters because these pollutants are less related to soil erosion processes relative to TP and SS.
Conclusions
The Haean catchment is located in an upstream area of the Lake Soyang watershed that supplies metropolitan drinking water. Following rain events, the Haean catchment discharges turbid water containing elevated nutrient concentrations resulting from nonpoint sources. The mean concentrations of SS, TN, and TP at Site M (the catchment outlet stream) were much higher than observed in other streams in Korea and locations overseas, indicating that the streams in the headwater catchment transport elevated amounts of sediment and nutrient to downstream areas. During dry periods, concentrations of SS, TN, and TP were lower than the Korean standard criteria for streams in all of the monitoring locations. During the dry season, these headwaters do not appear to impose a substantial impact on water quality; however, monsoonal rainfall events increased the NPS discharge impacts on stream water quality. A government implemented project altered land use in the catchment dramatically since 2000s. As result of this project, many turbid water abatement facilities were constructed and less detrimental land use practices have been recommended, with many of these best management practices (BMP) initiated within the past few years. We compared two events (the 2nd and the 10th storm events), in which the rainfall amounts and intensities were The results imply that mitigating soil disturbance and erosion through land use changes, efficiently reduces P export [64] . However, the EMCs of NO 3 − and TN increased minimally, showing that land use change did not mitigate those parameters because these pollutants are less related to soil erosion processes relative to TP and SS.
The Haean catchment is located in an upstream area of the Lake Soyang watershed that supplies metropolitan drinking water. Following rain events, the Haean catchment discharges turbid water containing elevated nutrient concentrations resulting from nonpoint sources. The mean concentrations of SS, TN, and TP at Site M (the catchment outlet stream) were much higher than observed in other streams in Korea and locations overseas, indicating that the streams in the headwater catchment transport elevated amounts of sediment and nutrient to downstream areas. During dry periods, concentrations of SS, TN, and TP were lower than the Korean standard criteria for streams in all of the monitoring locations. During the dry season, these headwaters do not appear to impose a substantial impact on water quality; however, monsoonal rainfall events increased the NPS discharge impacts on stream water quality. A government implemented project altered land use in the catchment dramatically since 2000s. As result of this project, many turbid water abatement facilities were constructed and less detrimental land use practices have been recommended, with many of these best management practices (BMP) initiated within the past few years. We compared two events (the 2nd and the 10th storm events), in which the rainfall amounts and intensities were similar, to evaluate the land use change impact to pollutant loads in the catchment and the results indicated that the land use change resulted in reduced amounts of sediment and TP transports to the stream sites. However, BOD and TN increased, which can be expected as the parameters are less related to soil erosion than TP and SS. BOD and TN are more related to other management factors, such as the annual spatial changes in manure application over the catchment and the temporal variability of fertilizer applications. In the future, more specific studies on manure and fertilizer applications are suggested to identify the role these processes have on headlands water quality and transport.
Author Contributions: Bomchul Kim and Stefan Peiffer designed and supervised the entirety of the field work and edited the article. Jaesung Eum and Bumsuk Seo conducted field work and statistically analyzed data. Christopher L. Shope edited the paper and interpreted data. Kiyong Kim conducted field work, analyses, and data interpretation and also wrote the paper.
Funding: This study was carried out in the framework of the International Research Training Group TERRECO (GRK 1565/2), funded by the Deutsche Forschungsgemeinschaft (DFG) at the University of Bayreuth (Germany). This study was also supported by the Korean Ministry of Environment, the Korea Research Foundation, and Kangwon National University.
